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ABSTRACT
The use of radiographic growth indicators, such as the hand-and-wrist maturation (HWM) and cervical vertebral maturation (CVM) 
methods, has been recommended in previous clinical trials on the skeletal effects obtained by functional treatment in growing Class 
II patients. The concept behind the use of indicators resides in the identification of the pubertal growth spurt in individual patients 
allowing the delivery of the treatment at this specific stage of skeletal maturation when the mandible response is expected to be 
maximum growth. Interestingly, while many of the former types of investigations reported a poor correlation between the stages of 
growth indicators (mainly the CVM) and mandibular growth spurt, most of the latter type of investigations reported clinically relevant 
favorable effects when the growth indicators are used. It is perhaps that investigations are still missing the relevant piece of evidence. 
The first critical issue relates to the correlation between two variables (i.e., stages of maturation and mandibular growth) that does not 
imply diagnostic accuracy, as it has been extensively reported for the case of dental maturation. The other relevant issue relates to the 
clinical feasibility of the repetition of the recording when dealing with invasive methods based on X-rays, irrespective of whether the 
methods are accurate. Meanwhile, more opportunity will be given by the use of non-invasive (serum or GCF) biomarkers. According 
to all these considerations, more reports will be necessary to elucidate the role of the growth indicators in orthodontics fully.
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Clinical  Article
The use of radiographic growth indicators, such as the hand-
and-wrist maturation (HWM) and cervical vertebral maturation 
(CVM) methods, has been recommended in previous clinical 
trials on the skeletal effects obtained by functional treatment 
in growing Class II patients.1 These indicators are based on 
the attainment of discrete stages according to pre-established 
morphological maturational features. The concept behind the 
use of indicators resides in the identification of the pubertal 
growth spurt in individual patients allowing the delivery of 
the treatment at this specific stage of skeletal maturation when 
the mandible response is expected to be maximum growth.2 
However, contrasting recommendations have been carried 
out from current research regarding the reliability of such 
methods.3,4 Studies on the radiographical growth indicators are 
essentially of two types: the ones correlating the various stages 
of maturation with mandibular growth spurt,5 and the ones 
evaluating skeletal effects obtained by functional treatment in 
Class II patients the timing of treatment has been based on 
such indicators (for review, see Perinetti et al.4) Interestingly, 
while many of the former types of investigations reported poor 
correlation between the stages of growth indicators (mainly 
the CVM) and mandibular growth spurt,6 most of the latter 
type of investigations reported clinically relevant favourable 
effects when the growth indicators are used.4 It is perhaps that 
investigations are still missing the relevant piece of evidence.
The first critical issue relates to the correlation between two 
variables (i.e., stages of maturation and mandibular growth) that 
does not imply diagnostic accuracy, as it has been extensively 
reported for the case of dental maturation.7 According to this 
point of view, the latter parameter is the one of great clinical 
importance. However, in spite of this concept, to date, only two 
studies have focused explicitly on the diagnostic accuracy of the 
CVM8 and middle phalanx maturation (MPM)9 methods in 
the identification of the mandibular growth peak. Therefore, 
relevant data has still to be reported on the diagnostic capability 
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of the different methods in the identification of the mandibular 
growth spurt in individual patients. In this context, it is worth 
of mentioning that huge and expensive clinical trials (even 
randomised trials10,11) have been performed basing the timing 
of intervention on diagnostic methods for which the authors 
did not even know the diagnostic accuracy.
The other relevant issue relates to the clinical feasibility of the 
repetition of the recording when dealing with invasive methods 
based on X-rays, irrespective of whether the methods are 
accurate. It has been reported that the length of the different 
stages of a growth indicator may be subjected to noteworthy 
variation,12 rendering the precise identification of the timing of 
intervention reliable only if a longitudinal monitoring is followed 
from a pre-pubertal stage of development to the pubertal 
one. This aspect may strongly limit the use of radiographical 
indicators, such as the HWM and CVM methods, as the 
procedure of repeated recordings is harmful to the patient.13 
Meanwhile, more opportunity will be given by the use of non-
invasive (serum or GCF) biomarkers,14 the monitoring of the 
sole third finger middle phalanx maturation9 may be a valid 
compromise between the necessity of longitudinal recordings 
and acceptable radiation exposure to the patient. 
According to all these considerations, more reports will be 
necessary to fully elucidate the role of the growth indicators in 
orthodontics and how their use may enhance the efficiency of 
the functional treatments.
